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(57) ABSTRACT 

A digital broadcast receiver for determining the actual 
transmission mode of a Digital Audio Broadcast (DAB) 
signal with a delay circuit for delaying a received DAB 
signal is provided. With a correlation circuit for correlating 
a delay output of the delay circuit with the received DAB 
signal a moving average circuit for calculating a moving 
average of a correlation output of the correlation circuit. A 
transmission mode is assumed to be one of a plurality of 
transmission modes. The delay time of the delay circuit is set 
at a time corresponding to a symbol time length of the 
assumed transmission mode. The number of times that the 
output of the moving average circuit exceeds a prescribed 
value is counted. Based on counting results, the actual 
transmission mode is identified based on the maximum 
number of times that the output of the moving average 
circuit exceeds the prescribed value. 

10 Claims, 6 Drawing Sheets 
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FIG. 6 
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DIGITAL BROADCAST RECEIVER AND ence symbol TFPR coirecUy and evaluating it results in a 

RECEIVING METHOD failure because a level of the TFPR symbol is influenced by 

AGC depending on the state of radio waves, for example, in 
a high field strength situation. 

BACKGROUND OF THE INVENTION 5 still further, since only one phase reference symbol TFPR 

1. Field of the Invention exists in each frame, one frame period is needed for each 
•liic present invention relates to a receiver of digital ^"^nt Se" aT^ tot ''^"^ tr^uisniission mode judg- 

broadcasting such as digital audio broadcasting. ^ 

2. Description of the Related Ait 10 SUMMARY OF THE INVENTION 

In Europe, the DAB (digital audio broadcasting according ^h^ 5^^^ invention has been made to solve the above 

to the Eureka 147 standard) IS now m operation. In the DAB, problems in the art, and an object of the invention is 

a plurahty of digital data are subjected to vanous encodmg therefore to make it possible to judge a transmission mode 

processes and finally converted to an OFDM (orthogonal ^^jj^^ly in a DAB receiver, 

frequency division multiplexing) signal, which is transmit- 15 ^ ^ ^ , . . , . 

ted. Digital data such as digital audio data of up to 64 ^^^^^f. '^P^'* °^ *f mventioi., there ,s 

channels (maximum case) can be broadcast simultaneously. P^^^f * '^8^'^ broadest receiver for receivnig a digital 

^ . . . . signal that was transmitted in one or a plurality of transmis- 

- ?• r^'^^'i'''' sioQ modes having different symbol time lengths and in 

signal. The OFDM signal ^ a plurahty of contmuous frames^ ^^^^ ^^^^ .y^^ol includes two signal intervals having the 

and each frame consists of a plurdity of symbols. Tlie DAB 20 ^^^^^ comprising a delay circuit for delaying a 

has four transmission modes, that is, modes I-IV. The frame ^^^^^^^^ digital signal by a prescribed period; a correlation 

time length TP and the maximum number n of symbok m ^^.^^^ correlating a delay output of the delay circuit with 

each frame of each transmission mode are as shown m HG. ^tie received digital signal; a moving average circuit for 

„ calculating a moving average of a correlation output of the 

Each frame is divided into a synchronization channel SC, correlation circuit over a period that is equal to the period of 

a fast information channel FIC, and a main service channel the two signal intervals; means for assuming a transmission 

MSG with a symbol serving as a unit of data. The synchro- mode to be one of the plurahty of transmission modes in 

oization channel SC, which is used for processes such as order; means for setting a delay time of the delay circuit to 

frame synchronization and AFC (automatic frequency a time corresponding to the symbol time length of each 

control) in a receiver, consists of two symbols in which the assumed transmission mode; means for counting, for each 

first symbol is a null symbol Null and the second symbol is assumed transmission mode, the number of times that an 

a phase reference symbol TFPR. The null symbol Null in output of the moving average circuit exceeds a predeter- 

every other frame includes identification information TII for mined value; and means forjudging, based on counting 

identification of a transmission facility and no information is results of the counting means, that a transmission mode that 

transmitted (no carrier signal is transmitted) during the other ^ gives a maximum number of times that the output of the 

null symbol Null periods (every other frame). moving average circuit exceeds the predetermined value is 

In the fast information channel FIC, which provides data an actual transmission mode, 

relating to the main service channel MSG and other data, xhe count value becomes largest when the assumed 

data such as time, a date, a type, a data arrangement, and a ^ transmission mode coincides with the actual transmission 

traffic message control are arranged. In the main service mode. Therefore, the assumed transmission mode giving the 

channel MSG, digital audio data as main data and various maximum count value is judged to be the actual transmis- 

kinds of digital data are arranged. ^[qj^ mode. 

Further, as shown in FIG. 1(B), each symbol is configured According to a second aspect of the invention, there is 

in such a manner that a head period TG having a prescribed 45 provided a digital broadcast receiver for receiving a digital 

length is a guard period (also called a guard interval) that signal that was transmitted in one of a plurality of transmis- 

follows the preceding symbol and the remaining period is a sion modes having different symbol time lengths and in 

data period of effective symbols. The contents of the period which each symbol includes two signal intervals having the 

TG are the same as the contents of a tail period TE of the same period, comprising a delay circuit for delaying a 

same symbol. Therefore, the periods TG and TE have the 50 received digital signal by a prescribed period; a correlation 

same length. The symbol time length TS and the length of circuit for correlating a delay output of the delay circuit with 

the guard period TG of each transmission mode are as shown the received digital signal; a moving average circuit for 

m FIG, 2. calculating a moving average of a correlation output of the 

As described above, the DAB has four transmission correlation circuit over a period that is equal to the period of 

modes, that is, modes I-IV, One method for judging a 55 the two signal intervals; a peak detection circuit for dctect- 

transmission mode is a method of correlating a received ing a temporal position of a peak of an output signal of the 

phase reference symbol TFPR with another phase reference moving average circuit; means for assuming a transmission 

symbol TFPR that is prepared in advance and evaluating a mode to be one of the plurality of transmission modes in 

correlation result. order; means for setting a delay time of the delay circuit to 

However, in the case of this method in order to extract a 60 a time corresponding to the symbol time length of each 

phase reference symbol TFPR from a received signal, it is assumed transmission mode; means for judging an actual 

required that a rough sync is extracted from the received transmission mode based on an interval between peak tem- 

signal in a suitable timing. The rough sync is a synchroni- poral positions detected by the peak detection circuit, 
zation signal of low precision that controls demodulation 

timing or the like. Further, since the phase reference symbol 65 BRIEF DESCRIPTION OF THE DRAWINGS 

TFPR immediately follows the null symbol Null, there may FIGS. 1(A) and 1(B) show a time -axis structure of the 

occur an event that an attempt of extracting a phase refer- OFDM signal; 
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FIG. 2 is a table showing parameter values of each pointof the period TE of the signals 14, that is, the end point 

transmission mode of the DAB; of the symbol of the signal S14. That is, a plurality of 

FIG. 3 is a block diagram showing a receiver according to symbols continue in the signal S14 and an output signal S24 

an embodiment of the present invention; of the peak detection circuit 24 indicates the boundary points 

FIGS. 4(AH(D) are a time chart showing relationships ' continuous symbols. Therefore, the DAB 

between signals in the receiver of FIG, 3; and transmission mode can be judged based on the penod from 

T^^ri ^ , , - ■ , . . . each boundary pomt and the next boundary point. 

FIGS. 5 and 6 are flowcharts showing a process that is ^ ^ , • , r . . ^ . i 

executed by the receiver of FIG. 3. ^ frequency analysis result of the phase reference symbol 

^ TFPR is output from the FFT circuit 15 and input to a DSP 

DETAILED DESCRIPTION OF THE 25. In the DSP 25, the sampling time point of the A/D 

PREFERRED EMBODIMENT conversion in the A/D converter circuit 13 is conected based 

on the data of the frequency analysis result and frame 

FIG. 3 is a block diagram showing a receiver according to synchronization is thereby taken. Further, data indicating the 

an embodiment of the present invention. magnitude of a frequency offeet is determined based on the 

As shown in FIG. 3, a DAB broadcast wave signal is 15 data of the frequency analysis result and the signal S24. The 

received by an antenna 11. A reception signal is supplied to local oscillation frequency of the front end circuit 12 is 

a front end circuit 12 having a superheterodyne controlled based on the resulting data, whereby the fre- 

configuration, where it is frequency-converted to a baseband quency ofket of the signal that is output from the front end 

signal. The baseband signal is supplied to an A/D converter circuit 12 is corrected. AFC is thus effected, 

circuit 13, where it is converted to a digital signal. 20 ^ ordinary receiving process is continued in the above 

The digital signal is supplied to an orthogonal demodu- manner. In the invention, at the time of station selection, for 

lator 14, where it is demodulated into in-phase component example, a judgment routine 100 shown in FIGS. 5 and 6 is 

(real-axis component) data and orthogonal component executed in the DSP 25, whereby a judgment is made as to 

(imaginary-axis component) data, which are subjected to which of modes I-IV the DAB transmission mode is. 

complex Fourier transform in an FFT circuit 15 and fre- ^ jsjow, the delay time in the delay circuit 21 is represented 

quency components are output on a symbol-by-symbol 5y jd jf ^ relationship 
basis. The output of the FFT circuit 15 is supphed to a 

Viterbi decoding circuit 16, where it is subjected to deinter- td=ts-w 
leaving and error correction as well as program (channel) 

selection, whereby digital audio data of a desired program is holds, the level of the moving average signal S23 becomes 

selected. large in the period TE of the signal S14. However, if the 

Then, the selected data is supplied to a decoder circuit 17, ^^^^V ^^^^ ^ is much different from the time TS-TE, the 

where it is subjected to MPEG data expansion. The digital P^^i°^ ^E portion of the signal S14 does not coincide with 

audio data of the desired program as expanded to the original 1^^'^^^ ^G portion of the signal S21 and the level of the 

data length that is output from the decoder circuit 17 is ^Q^m average signal S23 remams low. 

supplied to a D/A converter circuit 18, where it is D/A- ^ ^ ^> ^y°^t3ol period TS greatly varies 

converted to an analog audio signal, which is output from transmission mode. 

terminals 19 view of the above, in the routine 100, the delay time TD 

. u • - - c J ^ 11 A in the delay circuit 21 is changed in order in the following 

Asynchromzation cu-cuit 20 is configured as follows. An 4q * ^ 

in-phase/orthogonal component signal S14 that is output manner. 

from the orthogonal demodulator 14 is supplied to a delay (0 ^^^^y time TD is set at the time TS-TE of the 

circuit 21, where it is converted to a signal S21 that is transmission mode I; 

delayed by a period TS-TE, for example (see FIGS, 4(A) (2) the delay time TD is set at the time TS-TE of the 

and 4(B)). The delay signal S21 is supphed to a correlation 45 transmission mode II; 

circuit 22 together with the original signal S14. (3) the delay time TD is set at the time TS-TE of the 

As a result, as shown in FIGS. 4(A) and 4(B), the transmission mode III; and 

temporalpositionof the period TE of a certain symbol of the (4) the delay time TD is set at the time TS-TE of the 

signal S14 coincides with that of the period TG of the same transmission mode IV. 

symbol of the signal S21. Further, as described above in 50 Further, the level of the moving average signal S23 is 

connection with FIGS. 1(A) and 1(B), the contents of the checked for each of cases (1H4) and the transmission mode 

period TG is the same as the contents of the period TE. is judged based on check results. 

Therefore, the correlation between the signals S14 and S21 The routine 100 starts at step 101. At step 102, variable M 

is high in the period TE of the signal S14 and low in the other is set at 1. Variable M indicates an assumed transmission 

periods. As a result, as shown in FIG. 4(C), an output signal 55 mode. Since M is equal to 1 in this state, the following 

S22 of the correlation circuit 22 has a high level in the period process will be executed with an assumption that the trans- 

TE of the signal S14 and has a low level in the other periods. mission mode is mode 1. 

The signal S22 is supplied to a moving average circuit 23, Then, the process goes to step 111, where the delay time 

where a moving average is calculated for a signal portion TD of the delay circuit 21 is set at a time TS-TE corre- 

present for a time equal to the period TG. As shown in FIG. 60 sponding to the transmission mode indicated by variable M. 

4(D), the moving average circuit 23 is effectively an inte- Since M is equal to 1 in this state, the delay time TD of the 

grator that outputs a signal S23 that gradually increases in delay circuit 21 is set at 1 ms («1.246 ms-246 //s) that 

the period TE of the signal S14 and gradually decreases in corresponds to the transmission mode L 

a similar period thereafter. The signal S23 is supplied to a Further, at step 111, the time of a portion of the signal for 

peak detection circuit 24, where the temporal position of its 65 which a moving average is calculated by the moving average 

peak is detected. As seen from FIGS. 4(A)-4(D), the peak drcxiit 23 is set to the period TG that corresponds to the 

temporal position of the signal S23 coincides with the end transmission mode indicated by variable M and a threshold 
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level VTH (sec FIG. 4(D)) in the moving average circuit 23, 
which operates as an integrator as shown in FIG, 4(D), is set 
at a value that corresponds to the transmission mode indi- 
cated by variable M. The reason w^hy setting is made in the 
above manner is that the time length over which a moving 
average is calculated by the moving average circuit 23 varies 
with the transmission mode that is indicated by variable M 
and hence the peak value of the signal S23 varies with the 
transmission mode. Further, variable DArA(M) is cleared to 
0 at step 111. 

Then, the process goes to step 112, where variable N is set 
at 1. As will be understood from a description made later, 
variable N is incremented by one for each symbol period TS. 

Then, the process goes to step 121, where waiting is 
performed for a time length that is equal to the symbol 
period TS that corresponds to the assumed transmission 
mode indicated by variable M. If the period TE of the next 
symbol of the signal S23 is reached as a result of the wailing, 
the process goes to step 122, where it is judged whether the 
level of the signal S23 is higher than the prescribed value 
VTH. 

If the assumed transmission mode indicated by variable M 
coincides with the act;ial transmission mode, a relationship 
S23>VTH is estabUshed in the period TE because the delay 
time TD of the delay circuit 21 is equal to the period TS-TE 
of the actual transmission mode. However, if the assumed 
transmission mode indicated by variable M does not coin- 
cide with the actual transmission mode, a relationship 
S23^VTH holds because the delay time TD of the delay 
circuit 21 deviates from the period TS-TE of the actual 
transmission mode. 

Therefore, if S23>VTH, the process goes from step 122 to 
step 123, where the value of variable DArA(M) is incre- 
mented by one. 

At step 124, variable N is incremented by one. Then, the 
process goes to step 125, where it is judged whether the 
value of variable N has exceeded a prescribed value. If the 
judgment result is negative, the process returns from step 
125 to step 121. 

Steps 121-125 are repeated thereafter for each symbol 
period TS until the value of variable N reaches the pre- 
scribed value. In those repetitive operations, the value of 
variable DATA(M) is incremented by one if S23>VTH. 
Therefore, the number of times that the assumed transmis- 
sion mode coincides with the actual transmission mode is 
counted as variable DArA(M) in the prescribed number of 
continuous symbol periods. In this slate, the number of times 
that the assumed transmission mode, thai is, mode I, coin- 
cides with the actual transmission mode is counted as 
variable DArA(l). 

When steps 121-125 have been executed for the pre- 
scribed number of symbol periods, the value of variable N 
exceeds the prescribed number. Therefore, the process goes 
from step 125 to step 131, where variable M that indicates 
the assumed transmission mode is incremented by one. At 
the next step 132, it is judged whether a relationship M>4 
holds. If M^4, the process returns from step 132 to step 111. 

Thereafter, operations similar to the above are performed 
in order for cases in which the transmission mode is assumed 
to be mode II, mode III, and mode IV, respectively. The 
numbers of events that the assumed transmission mode 
coincides with the actual transmission mode are counted as 
variables DArA(2)-DATA(4). 

When all the operation for the case in which the trans- 
mission mode is assumed to be mode IV has finished, M is 
set at 5 at step 131. This is detected at step 132 and the 
process goes from step 132 to step 141 (see FIG. 6). At step 
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141, variable M is again set at 1 and variables MODE and 
Dmax are set at 0. Variable MODE is to store data indicating 
a mode that has been determined by the routine 100 and 
variable Dmax is to output the maximum value among the 
5 values of variables DATA(1)-DATA(4). 

Then, at step 142, it is judged whether a relationship 
DATA(M)>Dmax holds. If DArA(M)>Dmax, the process 
goes from step 142 to step 143. At step 143, the value of 
variable DArA(M) in this state is copied to variable Dmax 
and the value of variable M is copied to variable MODE. 
Then, the process goes to step 144. If DATA(M)^Dmax at 
step 142, the process goes from step 142 to step 144 skipping 
step 143. 

At step 144, variable M is incremented by one. Then, at 
step 145, it is judged whether a relationship M>4 holds. If 

15 M^4, the process returns to step 142. 

Therefore, as a result of execution of steps 142-145, the 
value of variable Dmax becomes equal to the maximum 
value among the values of variables DArA(l)-DATA(4). 
The value of variable MODE becomes equal to the value of 

20 variable M that gives variable DATA(M) having the maxi- 
mum value. Therefore, variable MODE indicates a trans- 
mission mode that gives the maximum number of events that 
the assumed transmission mode was judged coincident with 
the actual transmission mode, and hence indicates a trans- 

25 mission mode judgment result. 

When the above operation has been finished with M 
reaching 4, M becomes 5 as a result of execution of step 144. 
This is detected at step 145, and the process goes from step 
145 to step 146 to complete the execution of the routine 100. 

30 In the above manner, the routine 100 enables judgment of 
a transmission mode. Data indicating a determined trans- 
mission mode is stored as variable MODE. Therefore, by 
setting necessary portions of the receiver in accordance with 
variable MODE, a DAB signal can be received correctly 

35 thereafter. 

In the above-described receiver, in particular, transmis- 
sion modes are assimaed and among those assumed modes a 
transmission mode that gives the maximum number of 
events that the relationship S23>VTH is satisfied is regarded 

40 as an actual transmission mode. Therefore, synchronization 
is not required unlike the case where a received phase 
reference symbol TFPR is correlated with another phase 
reference signal TFPR prepared in advance and a correlation 
result is evaluated. 

45 Further, since the signal S23 is obtained from a symbol 
having a short repetition cycle TS, a transmission mode can 
be judged in a short time and hence the judgment is less 
prone to be influenced by fading, a Doppler effect, a weak 
electric field, etc, 

50 The above embodiment may be modified in such a 
manner that a baseband signal from the front end drcuit 12 
is demodulated into an in-phase component and an orthogo- 
nal component, which are A/D-converted and then supplied 
to the FFT circuit 15. 

55 According to the invention, synchronization is not 
required in judging a transmission mode. Further, the trans- 
mission mode judgment can be performed in a short time 
and hence the judgment is less prone to be influenced by 
fading, a Doppler effect, a weak electric field, etc. 

60 What is claimed is: 

1. A digital broadcast receiver for receiving a digital 
signal transmitted in one of a plurality of transmission 
modes having different respective symbol time lengths and 
in which each symbol includes two signal intervals with 

65 equal periods, comprising: 

a delay circuit for delaying a received digital signal by a 
prescribed period; 
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a correlation circuit for correlating a delay output of the 
delay circuit with the received digital signal; 

a moving average circuit for calculating a moving average 
of a correlation output of the correlation circuit over a 
period that is equal to the period of the two signal ^ 
intervals; 

selecting means for selecting at least one assumed trans- 
mission mode from the plurality of transmission modes 
chosen in a predetermined order; 

setting means for setting a delay time of the delay circuit 
to a time corresponding to the symbol time length of 
each selected transmission mode; 

counting means for counting, for each assumed transmis- 
sion mode, the number of times an output of the j5 
moving average circuit exceeds a predetermined value; 
and 

judging means for judging, based on counting results of 
the counting means, that a transmission mode that gives 
a maximum number of times that the output of the 20 
moving average circuit exceeds the predetermined 
value is an actual transmission mode of said plurality of 
transmission modes. 

2. The digital broadcast receiver according to claim 1, 
wherein the digital signal is based on a Digital Audio 25 
Broadcasting scheme. 

3. A digital broadcast receiver for receiving a digital 
signal transmitted in one of a plurality of transmission 
modes having different respective symbol time lengths and 

in which each symbol includes two signal intervals with 30 
equal periods, comprising: 

a delay circuit for delaying a received digital signal by a 

prescribed period; 
a correlation circuit for correlating a delay output of the 

delay circuit with the received digital signal; 
a moving average circuit for calculating a moving average 
of a correlation output of the correlation circuit over a 
period that is equal to the period of the two signal 
intervals; ^ 
a peak detection circuit for detecting a temporal position 
of a peak of an output signal of the moving average 
circuit; 

selecting means for selecting at least one transmission 
mode from the plurality of transmission modes chosen 45 
in a predetermined order; 

setting means for setting a delay time of the delay circuit 
to a time corresponding to the symbol time length of 
each selected transmission mode; 

identifying means for identifying an actual transmission 
mode based on an interval between peak temporal 
positions detected by the peak detection circuit. 

4. The digital broadcast receiver according to claim 3, 
wherein the digital, signal is based on a Digital Audio 
Broadcasting scheme. 

5. The digital broadcast receiver according to claim 3, 
further comprising counting means for counting, for each 
assumed transmission mode, the number of times an output 
of the moving average circuit exceeds a predetermined 
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value, wherein the identifying means identifies the actual 
transmission mode based on counting results of the counting 
means and the interval between the peak temporal positions 
detected by the peak detection circuit. 

6. The digital broadcast receiver according to claim 5, 
wherein the digital signal is based on a Digital Audio 
Broadcasting scheme. 

7. A digital broadcast receiving method for receiving a 
digital signal transmitted in one of a plurality of transmis- 
sion modes having different respective symbol time lengths 
and in which each symbol includes two signal intervals with 
equal periods, comprising the steps of: 

selecting at least one assumed transmission mode from 

the plurahty of transmission modes; 
delaying a received digital signal by a prescribed period 

corresponding to the selected transmission mode; 
correlating a delay output with the received digital signal; 
calculating a moving average of a correlation output over 

a period that is equal to the period of the two signal 

intervals; 

counting the number of times a moving average output 
exceeds a predetermined value; and 

judging, after the preceding steps have been executed for 
the plurality of transmission modes chosen in a prede- 
termined order, that a transmission mode that gives a 
maximum number of times that the moving average 
output exceeds the predetermined value among count- 
ing results for the plurality of transmission modes is an 
actual transmission mode of said plurahty of transmis- 
sion modes. 

8. The digital broadcast receiving method according to 
claim 7, wherein the digital signal is based on a Digital 
Audio Broadcasting scheme. 

9. A digital broadcast receiving method for receiving a 
digital signal transmitted in one of a plurality of transmis- 
sion modes having different respective symbol time lengths 
and in which each symbol includes two signal intervals with 
equal periods, comprising the steps of: 

selecting at least one assumed transmission mode from 

the plurahty of transmission modes; 
delaying a received digital signal by a prescribed period 

corresponding to the selected transmission mode; 
correlating a delay output with the received digital signal; 
calculating a moving average of a correlation output over 

a period that is equal to the period of the two signal 

intervals; 

detecting a temporal position of a peak of a moving 
average output; and 

identifying, after the preceding steps have been executed 
for the plurality of transmission modes chosen in a 
predetermined order, an actual transmission mode 
based on detected peak temporal positions. 

10. The digital broadcast receiving method according to 
claim 9, wherein the digital signal is based on a Digital 
Audio Broadcasting scheme. 

***** 
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